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重就 Si(111)-(7×7)表面 Mg/Zn 结构和 MgxZn1－xO 混晶相结构的稳定性及其原子
间相互作用开展研究。 
首先，使用扫描隧道显微镜，在室温下对 Mg 在 Si(111)-7×7 表面上的初期
吸附过程进行了表征，根据 STM 图中亮点数目的不同，将吸附图像分成了 I、II、
以及 III 三种情况。采用第一性原理模拟计算 Mg 原子在 Si(111)-7×7 表面上吸附
的构形。结果显示，单个 Mg 原子在 Si(111)-7×7 表面上会优先占据有层错半单
胞的高配位 H。Mg 原子与周边 Si 原子相互作用较弱，可以克服一个 0.1325eV
的低势垒，在一个 Si 中心顶戴原子附近的两个 H 位上进行扩散。随着 Mg 吸附
量的增加，Mg 原子可以陆续占据其它被较高势垒隔开的 H 位，形成 Mg2、Mg3
的构形。同时发现，单个 Mg 原子、Mg2、Mg3 在层错半单胞和无层错半单胞的
比率逐步下降。比较理论模拟图像和实验获得的图像发现，形成的 Mg、Mg2、
以及 Mg3 三种较稳定结构分别对应于实验观察到的 I、II、以及 III 图像。通过控
制 Mg 的沉积量，使大小均匀、形状一致的 Mg 团簇吸附在 7×7 的亚元胞上，并
构成了具有六度对称性的二维有序结构。 
其次，采用第一性原理计算模拟单个 Zn 原子在 Si(111)-(7×7)上的吸附。结
果表明，Zn 会优先吸附于高配位 K。在 Si(111)-(7×7)表面生长出了全同的 Zn 纳
米团簇，结合扫描隧道显微镜和第一性原理总能计算及理论 STM 模拟研究结果
显示，Zn 纳米团簇中心倾向于被一个 Zn 原子所占据，使 Zn 纳米团簇不同于其
它金属纳米团簇（ 6N = ），形成最稳定的 Zn7Si3 原子构型。不同 Zn 覆盖度下
Zn/Si(111)-(7×7)表面的 STM 形貌研究表明，初期 Zn 会以纳米团簇的形式沉积在
衬底表面，使表面呈现为高度有序的六角环形蜂窝状结构。进一步计算了 Zn 和














吸附于同一 Si 环状结构中具有一定的排斥作用；共同吸附时 Zn 和 Mg 原子趋向
吸附于各自单独吸附时不同 Si 环状结构中的最低能量位。随着吸附原子的增多，
将围成一六边形团簇。然而，由于 Zn 和 Mg 的最低能量位的差异，团簇的结构
将随 Zn/Mg 的比例而变化，难于形成全同的结构。 





了不同 Mg 组分的纤锌矿和岩盐矿结构的 MgxZn1－xO（0≤x≤1）模型，用于研
究 MgxZn1－xO 混晶相结构的稳定性。计算结果表明，纤锌矿结构的 MgxZn1－xO
混晶的晶格常数及其 c/a 的比率都随着 MgO 摩尔组分的增加而减小，导致其慢
慢偏离原来的纤锌矿结构。同时，最近邻的 Zn-O 键键角要大于最近邻的 Mg-O
键键角。当 MgO 的摩尔组分小于 0.69 时，纤锌矿结构的 MgxZn1－xO 总能要小于
岩盐矿结构的 MgxZn1－xO；当摩尔组分为 0.69 时，两者相等；大于 0.69 时，纤
锌矿结构 MgxZn1－xO 的总能较高。当 MgO 的摩尔组分增加时，MgxZn1－xO 混晶
将出现结构相变。不论是哪种结构的 MgxZn1－xO 混晶，在不同的 MgO 摩尔组分
下，当温度上升到某个特定值时，其晶体结构都会变得不稳定。不同组分下，两
种结构的 MgxZn1－xO 混晶均为直接带隙半导体，这表明两种结构的 MgxZn1－xO
混晶都适合用来制作短波长器件。 
 
















In the present information age, the integration of micro/nano optoelectronic and 
electronic devices has attracted much more attention to pursue the multi-functions 
products. How to integrally prepare typical electronic Si-based structure 
semiconductors with wide band gap semiconductors becomes a current topic. 
However, the structural stability and the interaction of relevant atoms will greatly 
restrict the application of these semiconductors. Thus, in this thesis we focus the 
structural stability and interaction of Mg/Zn atoms on the Si(111)-(7×7) surfaces and 
MgxZn1−xO alloys. 
Firstly, the initial adsorption processes of Mg on the Si(111)-7×7 surface have 
been investigated by scanning tunneling microscopy (STM) at room temperature. 
Three types of Mg adsorption configurations are identified, named I, II, and III, on the 
basis of the different numbers of the light spots in STM images. A first-principles 
calculation has been performed to determine the configurations of adsorbed Mg atoms 
on the Si(111)-7×7 surface. The results show that the single Mg atom on the 
Si(111)-7×7 surface prefers to occupy the higher coordination H sites of the faulted 
half unit cell (FHUC). The interaction between the Mg atom and nearby Si atoms is 
weak, and consequently the Mg atom may diffuse laterally to the nearby H sites 
around the same Si center adatom by overcoming the low diffusion barrier of 
0.1325eV. With the increase of the adsorbed Mg amount, Mg atoms occupy other H 
sites isolated by higher barriers and form Mg2 and Mg3 configurations. It is found that 
the ratios of Mg atom, Mg2, and Mg3 adsorptions on FHUC to those on unfaulted half 
unit cell (UHUC) are degressive. By comparing simulated and experimental images, it 
is confirmed that the stable structures Mg, Mg2, and Mg3 correspond to three types I, 
II, and III of experiment images, respectively. By controlling the deposition amount of 
Mg, Mg clusters with the similar size and shape were adsorbed on the unit cells of 















Secondly, the adsorption of single Zn atom on the Si(111)-7×7 surface is 
investigated by the first-principles calculation. The results show that Zn atoms prefer 
to occupy the higher coordination K sites. By combing in situ STM and theoretical 
STM simulations, the atomic structure of identical-size Zn nanoclusters grown on 
Si(111)-(7×7) is identified. Distinguishing from other nanoclusters (N=6), the center 
of Zn nanoclusters tends to be occupied by one characteristic Zn atom and 
consequently form the most stable Zn7Si3 nanoclusters on Si(111)-(7×7). With 
increase of Zn coverage, a highly ordered hexagonal Zn honeycomb structure will be 
formed on Si(111)-(7×7) surface. Furthermore, the first-principles calculation is used 
to determine the stable structure of co-adsorbed Zn and Mg on Si(111)-(7×7) surface. 
The results show that the co-adsorbed Zn and Mg atoms prefer to occupy the sites 
nearly same as those occupied alone. With the increase of the adsorbed atoms, Zn and 
Mg atoms will form a hexagonal cluster. However, the structure of clusters will 
change with the different Zn/Mg ratios because of the stable site difference between 
the Zn and Mg atoms. Therefore, the clusters of Zn and Mg atoms are difficult to form 
the identical structure.  
Finally, the geometrical and electronic structures of hexagonal MgxZn1−xO alloys 
(x≤0.25) with the different MgO mole fractions are investigated by the first 
principles calculation. The calculated results show that when the MgO mole fraction 
is increased, the lattice constant diminishes, the crystal will departure gradually from 
the wurtzite structure, and the band gap enlarges. It is mainly attributable to the shift 
of the valence band away from the Fermi level. It is important to point out that the 
variation of the lattice constants is small while that of the band gap is large as MgO 
mole fraction is changed, which is an advantage for the fabrication of quantum 
structures with heterointerfaces. On the basis of the above results, the models of the 
hexagonal and cubic MgxZn1−xO (0≤x≤1) semiconductor alloys with different MgO 
mole fractions are established to simulate the stability of  structures. The calculated 
results show that the lattice constant and the ratio c/a of the hexagonal MgxZn1−xO 
diminish as the MgO mole fraction is increased, which results in the structure 














Zn-O bonds is larger than that between the nearest neighbor Mg-O bonds. When the 
MgO mole fraction is smaller than, equal to, and larger than 0.69, the total energy of 
the hexagonal alloys is lower than, equal to, and larger than that of the cubic ones, 
respectively. The phase transition is likely to occur as the MgO mole fraction is 
increased. The crystal structure will become unstable as temperature is raised to a 
critical value for the different MgO mole fractions no matter what kind of the 
structure is. The band gaps of the hexagonal and cubic MgxZn1−xO alloys are the 
direct-gap semiconductors for the different MgO mole fractions. It demonstrates that 
the two structures of the MgxZn1−xO alloys are suitable for fabricating the short 
wavelength devices. 
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